Introduction
The formulation of the culture medium is important in developing plant tissue culture and micropropagation protocols (George and Sherrington, 1984 (Table  2) . However, root dry weight was not affected by the initial medium volume. Shoot fresh weight and leaf area were more than twice greater in the full-strength treatments than in the quarter-strength treatments. Shoot fresh weight, shoot length and leaf area were also greatly enhanced by doubling the volume of the medium. These results were probably due to the nutrient availability enhanced by the increased initial strength and volume of the medium in those treatments when the nutrients were already limited in the other treatments.
However, the percent dry matter decreased significantly with the increasing initial medium strength Table 3 . Mean relative growth rate per day of the plantlets (RGR) between days 1 and 16 and between days 16 and 24, mean CO2 concentrations inside the vessel (C,n) during the photoperiod and net photosynthetic rate per leaf dry weight (Pd) on days 16 and 24 affected by initial medium volume per vessel and strength (ion concentration) z.
to that in the Q32 and H32 treatments during the days 1 to 16 and 16 to 24. This is due to that the total initial content of each ion in 1116 and F16 treatments are, respectively, the same as those in the H16 and F16 treatments.
Changes in ion concentrations in the medium over time
The ion concentrations of macronutrient NH4, NO3, P, K, Mg and Ca decreased more rapidly in the 16-ml treatments than in the 32-ml treatments (Fig. 1) . Remarkable decrease in P concentration, Fig. 1 . Changes in the concentration of NO3, NH4, P, K, Ca and Mg in the medium over 24 days of culture as affected by initial medium strength and volume. For teatment symbols, refer to quarter-strength media. Calcium depletion rate was similar between the 16-and 32-ml treatments, indicating probably the supply was sufficient.
Sufficient amounts of NO3, NH4, K, Ca and Mg were left in the F32 medium on the day 24. The F16 treatment also seems to have sufficient supply of all these ions except NH4 and P to the end of the culture. The P, which was almost completely depleted from the medium of all treatments, is thought to be the most limiting nutrient. Redistribution of P inside the plantlet might have happened during the later period of culture.
Changes in the medium volume and ion uptake rate
The decrease of medium volume per vessel during the culture period was not significantly different from each other among the treatments (Table   4 ). The decrease per vessel accounted for 7~11%
of the initial medium volume in the 32-ml treatments and 16-19% in the 16-ml treatments. This decrease in medium volume is due to the water loss caused by relatively greater air exchanges of the vessel covered partly with gas permeable membrane filter (1.4 hr-1). This decrease in medium volume with time affected the ion concentrations in the medium. The number of air exchanges of the vessel without the membrane filter was estimated to be around 0.5 hr-1 which was about 3 time greater than that of the vessel with the membrane filter.
Uptake rates of NO3, NH4, P, K, Ca and Mg were enhanced or maintained at the similar levels on both 1 to 16 and 1 to 24 day periods with the increasing initial medium strength and volume (Table 4) . On days 1 ~ 16 the uptake rate of NH4 was the highest in the half strength medium. The difference in uptake rate between treatments was more pronounced for NO3, NH4, P and K. The uptake rates of NO3, NH4 and P were greater and those of K, Ca and Mg were smaller over 1 ~ 16 days than over 1 ~ 24 days. Interaction between initial medium volume and strength were noticed to affect ion uptake rates. Enhancement of ion uptake rates affected by initial medium strength was more pronounced when the medium volume was 16 ml than 32 ml. The F16 and the H16 treatments showed similar uptake rates of NO3, NH4-N and PO4, respectively, to the H32 and Q32 treatments. Both the initial medium volume and strength (nutrient concentration) were important as they both contributed to the total nutrient availability or ion content in the medium. Under heterotrophic and photomixotrophic conditions, the initial concentration of sugar as well as medium volume would also be important as they both contribute to the total sugar availability or sugar content in the medium (Kubota, 1994) . Whether the volume of the polyester cubes (supporting material) had any influence to the result of this experiment is not clear and its influence was remained for further study.
